While it has long been recognized that patients with acute unprovoked deep vein thrombosis (DVT) or pulmonary embolism (PE) have a higher risk of recurrent venous thromboembolism (VTE) than that of patients with secondary thrombosis, whether other clinical parameters can help predict the development of recurrent events is controversial. The aim of this investigation was to assess the rate of recurrent VTE after withdrawal of vitamin K antagonists, and to identify clinical parameters associated with a higher likelihood of recurrence.
D
espite adequate treatment, up to one quarter of patients with symptomatic deep vein thrombosis (DVT) and/or pulmonary embolism (PE) will experience recurrent venous thromboembolism (VTE) within the subsequent 5 years. [1] [2] [3] [4] [5] [6] While it is generally accepted that patients with thromboembolic events of unknown origin have a more than two-fold higher rate of recurrent VTE in comparison to patients whose thrombosis is associated with acquired, transient risk factors, [1] [2] [3] [4] [5] [6] whether other of the patients' baseline features can help to identify those subjects who might benefit from prolonged anticoagulation is unclear. For example, it is virtually unknown whether aging, an important risk factor for VTE, 4 is also associated with an increased risk of recurrence. The role of thrombophilic abnormalities, especially those that are highly prevalent in western countries (i.e., factor V Leiden and prothrombin G20210A mutation), is controversial. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Although recent data suggest that clinical presentation with primary PE 15 and male sex [16] [17] [18] increase the risk of recurrent VTE, these findings still await confirmation. Finally, whether the duration of anticoagulation following the initial thrombotic episode has any influence on the subsequent rate of recurrent VTE is uncertain.
2,19-22
Here we report on the prospective long-term followup of a large series of patients with proximal DVT and/or PE. All of them received conventional anticoagulation, and were then followed-up for a maximum of 10 years after anticoagulation had been discontinued in order to document the incidence of recurrent VTE. The aim of our investigation was to assess the rate of recurrent VTE after withdrawal of vitamin K antagonists, and to identify clinical parameters associated with a higher likelihood of recurrence in both the entire cohort and, separately, in patients with VTE of unknown origin.
Design and Methods

Patients
All consecutive outpatients referred by their family physicians between May 1991 and April 2003 to the emergency department of each of three participating centers (the Department of Medical and Surgical Sciences of the University of Padua, the Division of Internal Medicine of the Hospital of Reggio Emilia, and the Department of Cardiothoracic and Vascular Sciences of the University of Padua, all in Italy) with clinically symptomatic DVT and/or PE were potentially eligible for the study, provided that less than 3 weeks had elapsed since the beginning of their symptoms. The accepted methods for diagnosing DVT were venography and compression-ultrasonography, while those for PE were spiral computed tomography (CT), ventilationperfusion lung scan, pulmonary angiography, or a suggestive clinical picture in patients with proven DVT. No routine testing for PE was done in patients with clinically symptomatic DVT and no clinical symptoms of PE.
All patients were hospitalized and treated with fulldose unfractionated or low-molecular-weight heparin, preceded in those with massive PE and hemodynamic instability by thrombolytic drugs or embolectomy. Oral anticoagulants were started during the first week and continued on average for 3 months in patients with thrombosis triggered by transient risk factors, and for longer periods (6 months or more, on the discretion of the treating physicians) in patients with thrombosis of unknown origin.
Patients were ineligible for the study if they had a history of previous episodes of symptomatic VTE, had active cancer, had indications for indefinite anticoagulation (such as atrial fibrillation, chronic medical illnesses or other permanent risk factors for VTE), could not be followed-up, or had a life-expectancy of less than 6 months. Patients who completed the scheduled period of anticoagulation without experiencing recurrent thrombotic episodes, and were willing to participate, were enrolled in the study. The enrollment took place on the day of warfarin discontinuation.
Demographic and clinical characteristics were recorded using a standardized questionnaire, with information being centralized on a regular basis at the Department of Medical and Surgical Sciences of the University of Padua. Patients were classified as having secondary VTE if they were pregnant, had given birth within the previous 3 months, or took estrogens; if they had had a recent (less than 3 months) leg trauma, fracture, or surgical intervention; or if they had been bedridden for more than 1 week because of a chronic medical illness. All other patients were regarded as having an unprovoked episode of VTE.
The search for thrombophilia (antithrombin, protein C or S deficiency, factor V Leiden, prothrombin G20210A mutation, and lupus-like anticoagulants) was left to the discretion of the treating physicians, and was performed either before implementing anticoagulation or later on, at least 3 weeks after completing oral anticoagulant therapy, according to previously described methods. 23 The determination of thrombophilia was performed at each of the participating centers. Carriers of thrombophilia were classified as having unprovoked or secondary thrombosis according to their clinical presentation. The Institutional Review Board of each participating center approved the study protocol.
Follow-up and recurrent VTE
All eligible patients willing to participate in the study were enrolled on the day their anticoagulant treatment was discontinued. They were subsequently examined or telephoned at least once every 6 months and prospectively followed-up for a maximum of 10 years, to document the incidence of symptomatic recurrent DVT or PE. For this purpose, patients were instructed about the main signs and symptoms of VTE, and received a card with the telephone numbers of the thrombosis clinic. They were asked to return to the study center if clinical manifestations potentially suggestive of recurrent DVT in either leg (i.e., edema, redness, tenderness, pain, swelling) or PE (i.e., dyspnea, chest pain, tachycardia) occurred.
Recurrent DVT was diagnosed by ascending phlebography until the mid 1990s, and then by compression ultrasound, followed by venography in the case of indeterminate findings. The only accepted venographic criterion for recurrent DVT was the presence of a (new) intraluminal filling defect visible in two different projections. Ultrasound criteria for recurrent ipsilateral DVT were incompressibility of a proximal vein segment previously free from thrombi, or the finding of a more than 4 mm increase of the vein diameter as compared with the last available measurement; if the vein diameter was increased by less than 4 mm, a confirmatory phlebography was required. 24 If recurrent proximal DVT was suspected in a previously unaffected leg, the sole diagnostic criterion was the incompressibility of a proximal vein. In the case of a high clinical probability and negative ultrasound findings, venography was performed to rule out an isolated iliac or calf vein thrombosis. Patients with suspected (recurrent) PE underwent a ventilation/perfusion lung scan or spiral CT, followed by pulmonary angiography in the case of indeterminate scintigraphic findings or of normal CT results and a high clinical probability.
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The date and cause of death were documented for all patients who died during the follow-up; in the case of a sudden and otherwise inexplicable death, a fatal PE was adjudicated by default.
An independent, expert committee unaware of the patients' baseline clinical details reviewed all study outcomes.
Statistical analysis
Kaplan-Meier estimates and their 95% confidence intervals (CI) were calculated to assess the time-dependent risk of recurrent VTE. The evaluated time interval spanned from the day following withdrawal of oral anticoagulants to the last available day of follow-up.
Parameters that were significantly associated with the risk of recurrent VTE on univariate analysis were entered in a multivariate Cox proportional hazard model to identify features independently associated with recurrence, both in the whole cohort and in the subset of patients with unprovoked VTE. We specifically sought to estimate the strength of any association (expressed as a hazard ratio [HR] , with 95% CI) between recurrent VTE and the following parameters: presence of risk factors for venous thrombosis (unprovoked versus secondary VTE); modality of clinical presentation (DVT alone or associated with clinically symptomatic PE -primary DVT -versus PE alone -primary PE -); thrombophilia, age (calculated using 10-year periods), sex, and duration of anticoagulant therapy (≤6 months versus > 6 months). The analysis was repeated considering only those patients with VTE of unknown origin. As thrombophilia testing was performed only in 953 (59%) subjects of the cohort, the single unconditional mean imputation method was used to handle missing data.
Patients were censored if they had a completely uneventful follow-up, if they developed cancer or clinical conditions requiring anticoagulation, or if they died. The relative risk (RR) of recurrent VTE in carriers of multiple as compared to single thrombophilic abnormalities, and in patients who developed cancer as compared to those who did not, was calculated according to standard methods; similarly, the RR of recurrent PE was estimated in patients presenting with PE in comparison to those who presented with DVT alone. The RR was considered to be statistically significant when the lower limit of the 95% CI was ≥1.0.
The χ 2 test was used to compare proportions. All calculations were performed using SPSS software, version 13.0 (SPSS Inc., Chicago, IL, USA).
Results
Patients
Of 3338 consecutive patients referred to the study centers with an episode of objectively confirmed proximal DVT and/or PE, 1610 patients were excluded because of active cancer (n= 545), a history of previous symptomatic VTE (n= 409), medical diseases requiring permanent anticoagulation (n=385), follow-up not possible (n= 170), or life-expectancy of less than 6 months (n= 101). Another 62 patients died or had a recurrence of VTE during the period of anticoagulation. Of the remaining 1666 patients, 40 declined to participate in the study. Therefore, 1626 consenting patients who completed the initial period of anticoagulation without experiencing a recurrent thrombotic episode were enrolled for this investigation (Figure 1 ). The main baseline characteristics of the recruited patients are listed in Table 1 .
Of the 1626 patients, 153 (9.4%) died of the following causes: PE (n=43), cancer (n=27), heart failure (n=22), stroke (n=20), myocardial infarction (n=14), and other causes (n=27).
Ninety-seven patients (5.9%) developed a manifest malignancy during their follow-up, and 32 (2.0%) were either lost to follow-up or resumed anticoagulation for reasons other than VTE. These 129 patients were censored at the time of cancer development or at that of their last available visit, respectively.
Recurrent thromboembolism
During the study period, 373 patients (22.9%) experienced recurrent VTE, which was fatal in 43 (11.5%). Of the 43 patients who died, 32 had a sudden death. Of the recurrent events, 117 occurred within 6 months (cumulative incidence, 7.2%; 95% CI, 6.0 to 8.5); 56 within 1 year (cumulative incidence, 11.0%; 95% CI, 9.5 to 12.5); 108 within 3 years (cumulative incidence,19.6%; 95% CI, 17.5 to 21.7); 70 within 5 years (cumulative incidence, 29.1%; 95% CI, 26.3 to 31.9); 15 within 8 years (cumulative incidence, 34.3%; 95% CI, 30.6 to 38.0); and 7 within 10 years (cumulative incidence, 39.9%; 95% CI, 35.4 to 44.4) (Figure 2) . Figure 3 reports the cumulative incidence of recurrent events, separately in patients with unprovoked and secondary VTE.
Predictors of recurrent thromboembolism
In the Cox's model evaluating the whole cohort, recurrence was significantly associated with unprovoked thrombotic episodes (adjusted HR, 2.30; 95% CI, 1.82 to 2.90); thrombophilia (adjusted HR, 2.02; 1.52 to 2.69); presentation with primary DVT (adjusted HR, 1.44; 1.03 to 2.03); shorter (up to 6 months) duration of anticoagulation (adjusted HR, 1.39; 1.08 to 1.80); and aging (adjusted HR, 1.14; 1.06 to 1. 
Additional observations
The rate of recurrent VTE did not differ between patients in whom investigations for thrombophilia were conducted (21.9%; 95% CI, 19.4 to 24.7) and those in whom they were not (21 
Discussion
The results of our study clearly show that after discontinuing anticoagulation the rate of recurrent VTE increases steadily over time, approaching 40% among all patients after 10 years. Of interest, more than 10% of all recurrences were either documented fatal PE or sudden and otherwise inexplicable deaths, in which PE could not be ruled out. The rate of recurrent VTE was not lower than that previously reported by our group, 1 although the duration of oral anticoagulation was on average longer (6 versus 3 months), patients with active cancer and other permanent risk factors for recurrent VTE were excluded, and only those recurrences that occurred after discontinuing anticoagulation were computed. Thus, improving the long-term prognosis of patients with acute VTE still remains a challenging task.
Our results fully confirm that patients who present with thrombotic episodes of unknown origin have a more than two-fold higher risk of recurrences than that observed in patients with temporary risk factors. [1] [2] [3] [4] [5] [6] [7] Of interest, in the latter category of patients, those with associated medical diseases had the highest risk, while those with VTE triggered by recent trauma or surgery the lowest, and this is consistent with previous reports. 5 In addition, our findings shed some light on the role of other potential risk factors for recurrent thromboembolic events, thus helping to identify those patients who might benefit from a longer duration of anticoagulation.
Whether thrombophilia is to be regarded a risk factor for recurrent VTE is controversial, as there are as many reports in favor 7, 8, 13, 14 as against this association. 5,6,9-12 In our study, thrombophilia was found to be an independent risk factor for recurrent VTE both in the entire cohort and in the subgroup of patients with unprovoked VTE. However, screening for thrombophilia was performed in less than 60% of the patients, and was performed in retrospect in a substantial proportion of patients; thrombophilia tests were not centralized, and the indication for testing was left to the discretion of the treating physicians. Therefore, our findings should be interpreted with caution. We think that further prospective studies addressing the role of thrombophilia in determining the risk of recurrent VTE are indicated, as are randomized studies addressing the benefit-to-risk ratio of prolonging anticoagulation in carriers of thrombophilic abnormalities.
The risk of recurrence increased with age, both in the entire cohort and in the subgroup of patients with unpro- Idiopathic VTE Secondary VTE voked VTE. However, the effect of age was modest when compared to that of other variables, especially in the subgroup of patients with unprovoked VTE. In disagreement with recent observations, [16] [17] [18] we found a similar risk of recurrence in both sexes; and the picture did not change when the analysis was confined to patients with unprovoked VTE. In contrast with findings from a recent study, 15 patients with primary DVT had a 50% higher risk of recurrence than patients with primary PE. However, it should be noted that in patients presenting with primary PE the recurrent event was a new episode of PE more than twice as frequently as in patients presenting with DVT alone, and this is consistent with previous observations.
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Both in the entire cohort and in the subgroup of patients with unprovoked VTE a shorter (up to 6 months) course of vitamin K inhibitors was associated with a significantly higher rate of recurrence than were longer periods of anticoagulation. This finding should be interpreted with extreme caution, as decisions on the duration of secondary prevention were taken on an individual basis by the attending physicians. However, as a course of anticoagulation longer than 6 months was reserved to those patients with unprovoked VTE who were reputed to be at a particularly high risk of recurrent events, the potential for bias is likely to point in the right direction. Although our results contrast with those of several randomized clinical trials, which suggest that, at least in patients with unprovoked VTE, prolonging anticoagulation beyond 3 months does not confer an additional advantage over shorter anticoagulation periods, [20] [21] [22] they are in line with those obtained by others, 2, 26 and with the results of two recent meta-analyses.
27,28 Our findings should encourage further studies to explore the potential advantage of longer courses of anticoagulation, at least in subgroups of patients with VTE.
We believe that our observations reflect the true clinical course of patients with symptomatic VTE after discontinuing anticoagulation. The diagnosis of VTE was based on widely accepted methods, and the demographic and clinical characteristics of the study patients were collected using a standard questionnaire. All candidates for indefinite anticoagulation were excluded, as were patients who developed a recurrent event while on anticoagulants. Patients with advanced cancer were also excluded, because they are usually kept on anticoagulants indefinitely and have a short life-expectancy. Patients were treated according to standard practice. Follow-up started in all patients from the time of warfarin discontinuation, was performed prospectively at each of the participating study centers, and only a few patients were lost to longterm follow-up. Finally, predefined criteria were strictly applied to diagnose recurrent VTE.
A potential study limitation is the failure to have assessed thrombophilia in all recruited patients. Although operators were instructed to obtain this information as often as possible, this was often precluded by a variety of problems including the need for prompt administration of anticoagulation in the nighttime and during the weekends, unavailability of dedicated physicians or laboratory technicians, lack of easily accessible veins, and cost considerations. However, our goal was not to assess the prevalence of thrombophilia in our population. We aimed to evaluate the risk of recurrent VTE in carriers as compared to non-carriers of thrombophilia, and were able to assess this risk in almost 1000 consecutive patients without any selection bias. This is confirmed by the fact that the rate of recurrent VTE did not differ between patients in whom thrombophilic status was assessed and those in whom it was not. Another limitation was the failure to perform autopsies in the 32 patients who died unexpectedly. As sudden death can be caused by conditions other than PE, our conservative approach may have increased, although to a limited extent, the calculated rate of recurrences, and may have increased the case fatality rate of VTE episodes. 29 However, the proportion of patients who were classified as having died of PE in this cohort (11.5%) did not differ at all from that (11.5%) observed in our previous cohort, in which the autopsy rate was much higher and the analysis was confined to only those patients in whom the diagnosis of PE could be made.
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What do our findings imply for the management of patients with VTE? Twenty years of intensive research have not improved the prognosis of patients with acute VTE. While our findings confirm the strong predictive role of unprovoked presentation, they challenge several current views, as they suggest that: (i) thrombophilia is an independent risk factor for recurrent VTE; (ii) the risk of recurrent VTE is higher in patients with primary DVT than in those with primary PE; (iii) the risk is similarly high in males and females; (iv) the longer the duration of anticoagulation the lower the risk of subsequent recurrent events. The still persistently high incidence of recurrent VTE after withdrawal of vitamin K inhibitors suggests that a prolonged course of anticoagulation should be considered in more patients than is currently the case. 
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